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The accumulation of tumor infiltrating lymphocytes (TILs)
in ovarian cancer is prognostic for increased survival while
increases in immunosuppressive regulatory T-cells (Tregs) are
associated with poor outcomes. Approaches that bolster
tumor-reactive TILs may limit tumor progression. However,
identifying tumor-reactive TILs in ovarian cancer has been
challenging, though adoptive TIL therapy in patients has
been encouraging. Other forms of TIL immunomodulation
remain under investigation including Treg depletion,
antibody-based checkpoint modification, activation and
amplification using dendritic cells, antigen presenting cells or
IL-2 cytokine culture, adjuvant cytokine injections, and gene-
engineered T-cells. Many approaches to TIL manipulation
inhibit ovarian cancer progression in preclinical or clinical
studies as monotherapy. Here, we review the impact of TILs in
ovarian cancer and attempts to mobilize TILs to halt tumor
progression. We conclude that effective TIL therapy for
ovarian cancer is at the brink of translation and optimal TIL
activity may require combined methodologies to deliver
clinically-relevant treatment.

Introduction

Tumor infiltrating lymphocytes (TILs) are present in ovar-
ian cancer and are prognostic for increased survival. Given the
impact of immunomodulatory regimens in melanoma, renal
cell carcinoma, and lung cancer, and the recent elucidation of
bona fide tumor-reactive TILs in ovarian cancer, the develop-
ment of approaches that mobilize tumor-reactive TILs for suc-
cessful eradication of ovarian cancer is now a high priority. In
spite of strong rationale, attempts at administration of adop-
tive T cell transfer, immune enhancing antibody, and tumor
immune environment conditioning in ovarian cancer have
been minimal with some positive results reported in patients.
In light of the recent development of new immunotherapeutic
agents and treatment regimens that bolster host TIL activity,
we review the current understanding of the immunobiology of
human ovarian cancer including the impact of TIL subset
accumulation on ovarian cancer survival and the effect of
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immune activation in the tumor microenvironment, and con-
clude that a new line of cancer immunotherapy investigations
is warranted in ovarian carcinoma.

Ovarian cancer is the second most common and most lethal
gynecologic malignancy in the United States with approximately
22,000 new cases and 14,000 deaths expected in 2013.! Ovarian
cancer is often diagnosed at an advanced stage, with the large
majority of new cases spread past the primary site. Since there are
no current recommendations for ovarian cancer screenings, most
efforts at combating ovarian cancer have been targeted at the dis-
covery of new treatments rather than preventative measures.
Currently, surgical staging and cytoreduction followed by che-
motherapy is the mainstay of treatment, although in some cases
neo-adjuvant chemotherapy is attempted.” The standard for sur-
gical staging consists of total hysterectomy and bilateral salpingo-
oophrectomy with pelvic and para-aortic lymph node dissection.’
Aggressive cytoreductive surgery is the corner stone of therapy
providing optimal response to postoperative chemotherapy,
reduction in disease related symptoms, and improvement in
quality of life, and possibly an improvement in host immune
competence by removal of immunosuppressive cytokines.®’
Finally, adjuvant treatment of ovarian cancer usually consists of
platinum-based combination of chemotherapy.” In spite of this
optimal therapy regimen, 5 y survival in Stages III and IV, which
represent the bulk of patients, is between 18-47%.> Despite these
grim statistics, there are positive prognostic factors in ovarian
cancer. In a large scale analysis of Stage III ovarian cancer patients
treated with recommended therapy, age, serous tumor histology,
performance status, and low volume of residual disease were
independent predictors of positive prognosis.*” Recently, it has
been shown that the presence of tumor infiltrating lymphocytes
(TILs) is also a positive predictor for overall survival, suggesting a
probable functional role for host T cell immunity the control of
ovarian cancer progression.

Background on Tumor Infiltrating Lymphocytes

By definition, TILs are white blood cells, for example, T-cells,
B-cells, macrophages or natural killer cells, which have left the
vasculature and have localized in tumor stroma or intraepithe-
lium. TILs are generally segregated into those that penetrate the
tumor islet (intraepithelial) and those that reside in the
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peritumoral space (stromal). The immune system, in particular
the intraepithelial TIL, is thought to play an extensive role in the
control of tumor growth in virtually all solid tumors,® and ovar-
ian cancer is no exception (Fig. 1). While it is now well-estab-
lished that CD8+ or CD4+T-lymphocytes can recognize cancer
antigens or over-expressed self-antigens and inhibit the develop-
ment of cancer, some cancer cells can thwart immune recognition
and response.” If the endogenous immune system is capable of
recognizing growing tumor in tissue, it increases inflammatory
signals at the site of insult. In this setting, tumor-specific antigen
presenting cells trigger the development of a T-cell response and
cytokines such as interferon-gamma promote local inflammation,
leading to complete destruction of the tumor, in a process termed
elimination. Tumors that survive elimination enter an equilib-
rium period where immune pressure in the form of cytokine and
lymphocyte attacks is in balance with tumor outgrowth. This

occurs until a time point when immune pressure selects for
tumor cells that are rapidly mutating and unstable, which then
acquire resistance. Finally, the tumor can enter an escape phase,
eluding immune recognition and killing, and become malignant,
eventually metastasizing.”

Tumor Infiltrating Lymphocytes and Survival

CD4+ and CD8+ TILs have long been known to exist in
ovarian cancer.'® The presence of TILs has been established as a
positive prognostic factor in a number of solid cancers including,
but not limited to, melanoma'" and colon cancer.'? The survival
benefits of TILs in ovarian cancer has been documented since
1991,"% but most major studies have been in recent years. Cou-
kos and colleagues performed analysis on 186 samples of
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Figure 1. Inflammatory cells in Ovarian Tumor Milieu.>* Tumor cells are sampled by dendritic cells and antigen presenting cells and presented to T-cells,
which are then activated to cytotoxic T-cells to directly destroy tumor cells or Helper T-Cells which can propagate the immune response through cyto-
kine secretion and stimulation of other pro-inflammatory cells. To combat this inflammatory response, tumor cells release inhibitory cytokines such as
TGF-B and IL-10 to manipulate APCs into transforming T-cells into Treg cells which can downregulate the anti-tumor inflammatory response and CCL22
which recruits Tregs to tumors.*® Endothelin-B and other molecules act on the tumor vasculature to block entry of inflammatory cells to the tumor
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advanced stage ovarian cancer and found that 55% of patients
with detectable intraepithelial CD3+ TILs had a 5 y survival of
38% compared with just 4.5% in patients with no TILs.'* That
5-year survival benefit jumps to 73.9% when considering patients
who had a complete clinical response after debulking and plati-
num based chemotherapy, compared to just 11.9% of patients
without TILs.'* Although few studies have elicited a survival ben-
efit in patients with high CD34 TILs,">'® a larger number of
studies cite CD8+ TILs as being the cell responsible for the sur-
vival benefit in ovarian cancer. Most notably, a study in 2005 by
Sato et al. showed that intraepithelial CD8+ TILs demonstrated
improved survival while no association with CD3+ TILs was
observed.'” Similar results have been reported extensively else-
where.'®?" Three other studies indicate that both CD3 and
CD8+ TILs are of good prognosis in ovarian cancer.*>* While
CD8+ TILs appear to be best associated with improved survival,
still other reports indicate that CD4+ TILs are the subset of
value in prognosticating ovarian cancer.>>> © CD4+ TILs can
trigger recruitment of dendritic cells which then prime CD8+
TILs to deliver long term cytotoxicity to ovarian tumors in an
animal model, perhaps explaining the survival benefit to CD4+
TILs in patients.”” While the positive prognostic index of TILs is
not universal, with a few studies showing a negative correlation
or no correlation between TILs and survival,***° it is generally
accepted that presence of TILs is a positive factor in ovarian can-
cer prognosis.

A recent meta-analysis by Hwang et al. sought to evaluate the
prognostic value of TILs in ovarian cancer and investigate other
factors on prognosis including tumor histology.*' Using either
CD3 or CD8 as identifiable TIL markers, they found 10 suitable
studies to include in their meta-analysis which included 1815
subjects.”’ They found significant association between intraepi-
thelial TILs and survival, with a hazard ratio of 2.24 for patients
without TILs.”! In patients with CD34 and CD8+ positive
TILs, hazard ratios were in the same direction of association, but
hazard ratios for the CD3 markers were less significant.*' There-
fore intraepithelial CD8+ TILs appear to be the standard for
prognostic evaluation of TILs in ovarian cancer. Discrepancies
between TIL presence and optimal surgical debulking were also
identified, and TILs in patients in Japan and Europe had greater
prognostic effects than in North America, leading to the postula-
tion that immune-modifying factors such as genetic or environ-
mental differences or health care access may have an impact on
survival.! Taken together, these independent studies support the
proposition that that TILs, particularly CD8+T1ILs, are a good

prognostic factor in ovarian cancer.

Regulatory T-Cells and Survival Impact
in Ovarian Cancer

CD8+ T lymphocytes are primarily ascribed the role of
cytotoxic killer cell in the context of cancer immunobiology,
however the ovarian cancer microenvironment possesses a vast
network of immune inhibitory processes to thwart cytotoxic
T cell attack, including the recruitment of various leukocytic
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subsets with potent immunosuppressive activity. Regulatory
T-cells (Tregs) play a central role in the maintenance of self
tolerance via regulation of immune responses against self-tissue
antigens, however numerous studies indicate an increased Treg
presence in tumors that evade immune destruction®? and that
Tregs limit antitumor immunity.43 Tregs in ovarian cancer are
commonly identified by their expression of extracellular CD4
and CD25 and intracellular forkhead box P3 (FOXP3). Regu-
latory T-Cells mediate their inhibitory activities through cyto-
kines like TGF-f and IL-10 as well as through cell-cell
interactions.”* In ovarian cancer, the immunosuppressive
activity of Tregs can be induced under hypoxic conditions
within the tumor microenvironment. In an in-vitro ovarian
cancer model, the hypoxic environment of ovarian tumors tol-
erizes host immune responses, due in part to the recruitment
of Tregs via induction of the expression of the chemokine
CCL28.% Similarly, Curiel et al. described a study of 104
individuals with ovarian cancer showing that the recruitment
of Treg cells to tumor is associated with high death hazard
and reduced survival, and mediated by the chemokine,
CCL22, which attracts Tregs to tumor sites. 1 Tregs in the
tumor environment and ascites correlate with poor patient

47-4
outcomes, 7749

are associated with tumors found to secrete
TGF-B,” and correlate with advanced stage and grade.’!
Proper primary debulking in ovarian cancer was associated
with a decrease in Tregs and an increase in TILs*® and while
suboptimal debulking causes the opposite effect.’’ In the
aforementioned study by Sato etal., TIL subgroups with
higher CD8/CD4 ratios showed better prognosis in terms of
survival, suggesting an inhibitory role for Tregs.17 Further,
Fialova et al. showed a transition from a strong Th17 immune
response in early cancer stages to a dominant population of
Tregs by late stages in ovarian cancer patient samples, suggest-
ing tumor progression sculpts Treg involvement in the local
immune environment.”' Even after treatment with neo-adju-
vant chemotherapy, lower FOXP3+Treg infiltration is corre-
lated with increased survival.’? In contrast to above studies, a
recent evaluation of tumor specimens from 73 ovarian cancer
patients found that Treg frequency was a positive prognostic
factor and no association could be made with other TILs.”?
Other studies have correlated Treg cells with increased survival
benefit.*>?> What accounts for these differences between stud-
ies is not known. However the prevailing view is that Tregs in
the tumor microenvironment hamper the ability of the
destroy
approaches that selectively reduce Treg number, frequency or

immune system to cancer cells. Accordingly,

function should reveal tumor destructive immune responses
. .. . 4

and aid in eradicating ovarian cancer,”® and may be corner-

stone to future combination immunotherapy strategies.

Other Immune Cells in Ovarian Cancer
B cells and NK cells have been studied in ovarian cancer

in terms of their impact on survival. The function of B cells
in tumor development is still not clear. However, a study of
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49 omental specimens from high grade ovarian cancer
revealed increased CD19+ B cell infiltration was associated
with a poorer survival.”® Along those same lines, a study of
59 patients with metastatic ovarian carcinoma showed that a
higher percentage of CD19+ cells and NK cells predicted
poor survival.° Contrary to those reports, in a group of 199
ovarian cancer patients, CD20+ B-cells were correlated with
positive survival.”> Nielsen et al. also demonstrated that in a
sample of 40 ovarian cancer patients, CD20+ B cells co-
localized with activated CD8+ TILs, expressed antigen pre-
sentation markers, and correlated with increased patient sur-
vival compared to just the CD8+ TILs alone.”® Although B
cells may participate indirectly in tumor cell lysis, it is possi-
ble that B cells may facilitate the persistence of CD8+ TILs,
produce cytokines to induce local lymphoid structures in the
tumor, and produce factors that shift T-cells toward func-
tional phenotypes.”’® Perhaps there is some unknown differ-
ence between the CD19 and CD20 positive B cells in tumor
stroma, which may account for the differences seen in these
studies. Further investigation into this distinction, as well as
the impact that NK cells have on prognosis, should be per-
formed as these cells no doubt have a capacity to mount anti-
tumor responses.

Adoptive TIL Therapy in Patient Practice

Given the favorable prognostic value of TILs in ovarian can-
cer, various attempts have been made to reinforce this biomarker
of improved survival. One approach, referred to as adoptive
immunotherapy, relies upon the isolation of TILs from fresh
tumor resections, selection of tumor-reactive subpopulation of
TILs when possible, activation and expansion of TILs to large
numbers ex-vivo and subsequent autologous administration of
the expanded TIL product to the patient (Fig. 2). Adoptive TIL
therapy has been at the forefront in new clinical trials in cancer,
most promisingly in melanoma. Besser et al.”” and Dudley
et al.’*® evaluated a total of 81 patients with metastatic mela-
noma and demonstrated 50% objective clinical response to TIL
therapy after lymphodepleting preconditioning. Infused TILs,
predominantly CD8+4-, were capable of trafficking, infiltrating
and destroying tumor cells, resulting in the majority of patients
having regression of their metastatic cancer®® and a generation of
memory T-cells with tumor antigen specificity that persisted for
2 months or greater after transfer in patients responding to ther-
apy.61 With response rates ranging up to 72% in metastatic mela-
noma, adoptive TIL transfer therapy is among the best treatment
options available for metastatic disease.” Although melanoma
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Figure 2. Schema of Adoptive T-Cell Therapy in ovarian cancer in past clinical trials. T-cells from surgical specimens are extracted, selected for their tumor
attacking ability, grown up in lab cultures using IL-2 as a stimulatory cytokine, and then re-injected into the patient.
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trials have shown the highest response to TIL therapy, there may
be no difference in the susceptibility of ovarian cancer to TILs.**

Various methodologies require evaluation for the generation
of tumor-reactive TILs for use in ovarian cancer therapy. To
date, methodologies have been restricted to TIL cultivation in
high concentrations of IL-2 for clinical TIL production. For
instance, Freedman et. al. were able to expand TILs on a large-
scale basis using a simple 4-step method with high levels of IL-2
and an advanced artificial capillary culture system.®® In mela-
noma, Dudley et. al. similarly generated TILs for adoptive trans-
fer using high levels of IL-2 and selection of TIL cultures with
highest activity followed by rapid expansion which mediated
robust clinical response when administered®® suggesting that
enrichment for the tumor-reactive TIL subset may provide clini-
cal efficacy.

Using these lab methods for TIL enrichment and cultivation,
early human trials using TIL therapy had mixed results. Aoki
et al. from Japan published the first human adoptive TIL trial in
advanced or recurrent epithelial ovarian cancer using IL-2
expanded TILs.®> Encouraging results were scen as a response to
the TILs were seen in 5/7 patients receiving TILs without chemo-
therapy and in 9/10 patients receiving TILs with chemother-
apy.® A pilot study from Freedman et al. in 1994 on 11 ovarian
cancer patients was performed with intraperitoneal injections of
TILs with IL-2°. Unfortunately, no significant clinical responses
were seen in any of the patients. That same year, another TIL
study from Japan from Ikarashi et al. compared 2 sets of patients
with previous debulking surgery: 12 patients received TILs and
cisplatin and 10 patients who did received chemotherapy alone.®”
After a median follow up of 26.5 months, 100% of the patients
receiving T1Ls survived, however all but one of the chemotherapy
patients was free of cancer after a similar amount of time.®” In
1995, another study was performed with 13 patients who had
tumor debulking and cisplatin treatment followed by TIL ther-
apy.®® These patients were compared to a group of 11 patients
who either received tumor debulking and chemotherapy, no
TILs, or TIL doses that didn’t reach a level of 109 cells/ml prior
to injection.®® All 13 patients receiving TILs had no evidence of
disease after 33.6 months of observation, while the “control”
group had a 3 y survival rate of only 67.5%.°® Since T cell accu-
mulation in ovarian cancer is prognostic for survival,'* the use of
patients lacking detectable TIL as a control group may have
favored the experimental cohort. As a follow-up to their 1994
study, Freedman et al. performed another TIL trial, using IFN-
gamma or IL-2 as a tumor aiding cytokine.®” Unfortunately,
only 2 of 22 enrolled patients received TIL therapy through
intraperitoneal injections, due to a large amount of CD3-
CD56+ adherent cells growing in culture precluding active TIL
growth.®” Finally, a study involving 7 patients with recurrent,
epithelial ovarian cancer confined to peritoneum was performed
in 2012 in which they received intraperitoneal injections of cyto-
toxic T-cells extracted from peripheral blood and not from tumor
samples; no correlation between survival and injection of cyto-
toxic T-cells was seen.””

No further studies have been published on adoptive TIL ther-
apy in human ovarian cancer. Of note, the studies performed in
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Japan seem to have better outcomes than those performed by
Freedman in the United States, echoing the results from the ovar-
ian TIL meta-analysis.*! Although the studies are limited based
on sample size and some of the results were encouraging, an exag-
gerated response to TIL therapy was not seen. There are a num-
ber of factors that could have contributed to these mixed results.
First, in many of the studies conducted by the Japanese group,
only patients who had TILs that could be expanded were treated,
representing a significant selection bias given the known associa-
tion between TIL accumulation and survival.'® Indeed, patients
receiving TILs were more likely to survive longer, since having
TILs is a positive prognostic factor, and these patients were com-
pared to patients who had no or could not grow TILs, which
does not seem to be a reasonable comparison. Further, since the
completion of these trials, the base of knowledge surrounding
effective TIL therapy has grown drastically, particularly the
understanding that prolonged cell culture limits TIL persistence
and activity /7 vivo,%" and that selection of TILs based upon
autologous tumor reactivity is important for effective therapy of
Early TIL trials in ovarian cancer seldom
addressed either of these issues, with bulk TIL cultures being
expanded ex vivo for long durations of time and comprised of

ovarian cancer.”!

NK cells. Secondly, patients in these trials have been in very late
stages of ovarian cancer, perhaps too late to overcome the pro-
gressive, suppressive tumor microenvironment established in late
stages.”' Additionally, the application of host pre-conditioning
in the form of lymphodepleting chemotherapy or irradiation pro-
vided prior to cell infusion has been shown to be an important
factor for enhancing T cell persistence and anti-tumor activity
in vivo in both preclinical studies’* and trials of TILs* via the
reduction in host immunoregulatory elements such as Tregs and
the increase in serum levels of endogenous cytokines involved in
T cell homeostasis and proliferation, such as IL-7 and IL-15.
Given the potential that TIL therapy holds for ovarian cancer,
an improvement in lab techniques in TIL enrichment and activa-
tion may improve clinical outcomes in TIL ovarian cancer trials.,
Identifying methodologies to enrich and expand tumor-reactive
TILs, and eliminate non-reactive bystander cell subsets, in clini-
cal ovarian TIL products for infusion may improve their potency.
Our group has demonstrated that artificial antigen presenting
cells genetically-modified to express co-stimulatory ligands for T-
cells, such as CD137L, can help stimulate and expand tumor-
reactive ovarian cancer TILs to levels greater than those seen in
standard IL-2 culture conditions.”? More importantly, we found
that CD137 expression on ovarian cancer TILs identifies the sub-
set of TILs with potent antitumor activity against autologous
tumor.”! This tumor-reactive TIL fraction expands in an HLA-
dependent manner in presence of IL-7 and IL-15,”" but not IL-
2, suggesting that IL-7 and IL-15 may be more optimal cytokines
than IL-2 for the activation, survival and expansion of tumor-
reactive TILs ex-vivo in clinical cell production, as well as in the
ovarian cancer microenvironment. Based on these findings we
developed a rapid enrichment strategy that allows for efficient
isolation of even rare tumor-reactive TILs from ovarian cancer,”’
which will be incorporated in future studies in this and other
malignancies. The ex-vivo selection and expansion of these
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CD137+ TILs may enhance adoptive TIL therapy for ovarian
cancer, as demonstrated in our human ovarian cancer allograft
models.”? Perhaps when these factors are combined in a future
trial, clinical response rates more similar to those observed in
melanoma TIL trials might be achieved.

Molecules Influencing Ovarian TIL Function

A number of immune markers and signaling molecules have
been elucidated in recent years that may affect that viability of
immune therapy relying on endogenous TIL function. The pres-
ence of HLA-DMB has been associated with increased numbers
of CD8+ TILs and increased survival in a study of 184 ovarian
cancer specimens.”” HLA class I expression on ovarian cells is
correlated with TIL infilcration and improved ability to expand
TILs ex-vivo in a sample of 17 ovarian cancer patients.74 It is
notable however, that ovarian cancer cells appear prone to HLA
downregulation and frequently have disabled antigen processing
that may allow for immune escape and thus limit the utility of
TIL therapy.”> The molecule indoleamine 2,3-dioxygenase
(IDO), an enzyme with immunosuppressive activity that cata-
lyzes tryptophan, correlates negatively with the number of TILs
and is associated with advanced stage and impaired survival.”
Interestingly, IDO suppression has been shown to downregulate
tumor growth and peritoneal dissemination #z-vivo and pro-
motes the accumulation of NK cells and their increased sensitiv-
ity to cancer cells in an in-vitro and in-vivo mouse model.”®
Similarly, an immunosuppressive effect of IDO has been
reported on CD4+ Thl cells, CD8+ T cells, and NK cells
derived from peripheral blood, ascites, and tumors of ovarian
cancer patients.”” Trials are enrolling to test the use of IDO
inhibitors in ovarian cancer patients at the time of diagnosis
(NCT02042430) or have been proposed as a means to break
IDO-induced tolerance, support cancer vaccination and pro-
mote anti-tumor immunity on patients with secondary disease
(NCT01982487). High levels of COX expression, which has a
role in the inflammatory pathway, correlates negatively with
prognosis and presence of CD8+ TILs in an analysis of 70 ovar-
ian cancer specimens.”’ Letal, a ligand that binds to NKG2D,
an immunoreceptor responsible for activating lymphocytes is
expressed by ovarian cancer, and has been shown to be a prog-
nostic factor for improved survival in a sample of 43 patients
with advanced ovarian cancer and promotes proliferation and
survival of CD8+ TILs.”® The presence of ULBP2, another
NKG2D ligand, has been shown to correlate negatively with
prognosis in ovarian cancer in a Japanese cohort of 82 patients,
possibly due to shedding of this ligand in late stages of discase as
a means of immune surveillance escape.”” Beyond tumor intrin-
sic molecules, upregulation of endothelin-B receptor, a protein
responsible for the maintenance of the tumor endothelial barrier,
in tumors correlates with reduced TIL presence and shorter
patient survival time;”” knock-down of endothelin-B enhances
targeting of TILs to tumor in mouse models and is being tar-
geted in clinical trials.®® Lastly, in a cohort of 35 patients with
high grade ovarian cancer, auto-antibodies to the tumor antigen
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NY-ESO-1correlated with increased CD8+, CD4+ and
FOXP3+ TIL cells.®’ In summary, these studies indicate poten-
tial targets to enhance adoptive TIL therapy or the possible
means to identify candidate patients most sensitive to
immunotherapy.

Cytokines involved in TIL suppression and tumor overgrowth
have been investigated as potential therapeutic targets or co-ther-
apy with TILs. Expression level of interferon-gamma, a Th1-type
pro-inflammatory cytokine produced primarily by CD3+ TILs,
in tumor correlates with improved clinical outcome in a cohort
of 99 ovarian cancer patients.*> Alternatively, Merogi et al.
showed that the presence of Th2 cytokines, IL-10 and TGEF-
Beta, in tumor correlated with a significant reduction in TILs in
16 ovarian cancer samples using RT-PCR.* TGF-Beta has been
shown to enhance the invasiveness of ovarian cancer cells and
may be responsible for transforming active TILs into Tregs.** An
analysis of T-cell lines derived from ovarian cancer showed low
IL-2 and IFN-gamma production from TILs, suggesting late-
stage T-cell anergy in ovarian cancer TILs.*> In a sample of 13
ovarian tumor and ascites samples, IL-2 receptor a, or CD25,
was decreased and IL-2 intracellular production was reduced in
TILs, suggesting an acquired dysregulation of the IL-2 pathway
in chronically stimulated TILs.*® Poor IL-2 production by ovar-
ian TILs has been reported elsewhere®” and was thought to reflect
terminal T-cell differentiation. Together, these cytokine studies
implicate a pro-inflammatory Thl cytokine profile being
involved in tumor control, but also reveal the hazards of an
immunosuppressed or Th2 environment in tumors which bring
up the possibility of cytokine blockade or cytokine therapy to
promote pro-inflammatory T-cell responses and enhance adop-
tive TIL transfer. Further, these studies suggest a functionally
anergic or exhausted TIL phenotype in ovarian cancer that may
be amenable to rescue or restoration via engagement of agonistic
receptors or blockade of immune checkpoint molecules on the
T-cell surface.

Immune Checkpoint Inhibitors and Agonists
in Ovarian Cancer

In the ovarian cancer microenvironment, where T-cells are
exposed to chronic antigen stimulation and various immunosup-
pressive networks, TILs can express various and multiple inhibi-
tory receptors, many of which are triggered by activation with
antigen and for whom cognate ligands are expressed on the ovar-
ian cancer cell surface. B7-H4 is one immune-modulatory ligand
that can arrest the cell cycle progression and proliferation of T-
cells causing disruption of cytokine secretion and effector func-
tion. B7-H4 is thought to be expressed at low levels on normal
tissue, but is overexpressed in a large proportion of ovarian can-
cers on the cancer cells themselves as well as on a subset of tumor
associated macrophages.”” The receptor for B7-H4 is expressed
on the activated T-cell surface, however, its identity remains
poorly defined. The presence of B7-H4-expressing tumor macro-
phages is correlated with increased Treg presence and poor
patient outcome in 103 previously untreated ovarian cancer
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patients”” and when B7-H4 is specifically down-regulated, it can
restore T-cell stimulation by macrophages and promote tumor
regression in a mouse model.*® Alternatively, we found that B7-
H4 expressed by human ovarian cancer cells or antigen-pulsed
presenting cells can also diminish immune responses by antigen
specific T-cells 72 vitro and in vivo, and this axis of immunosup-
pression can be disrupted via antibody blockade of B7-H4.%” In
addition to its effect on T cells, B7-H4 affects tumor cells them-
selves. Cheng et al. transfected B7-H4 into an ovarian cancer cell
line and found that B7-H4 promoted proliferation and conver-
sion to metastases as well as an increased growth advantage once
transplanted into mice.”® In this line, B7-H4 expression
increased with tumor staging in a study of 251 ovarian cancer
patients, and was elevated in early stages in some cases when CA-
125 was not.”! Finally, CD277, a protein that shares many simi-
larities to B7-H4, appears to be upregulated in a subset of ovarian
cancer samples and its binding to T-cells inhibits the prolifera-
tion and production of Th1 cells,”” yet its protein expression is
reportedly associated with increased TIL accumulation, particu-
larly CD4+ T-cells and CD206+ macrophages, and longer over-
all survival >

PD-1 is a molecule commonly expressed by TILs that may
affect their ability to destroy tumor cells. Although not specific to
T-cells, PD-1 is a negative regulator of T-cell activation with
structural similarities to CD28.”> PD-1 expression on T-cells
blocks entry into the cell cycle and the production of cytokines.”*
PD-L1, a common ligand of PD-1, is seldom expressed on
human tissues except in cancer, and its upregulation can cause
apoptosis of human T-cells”> and help tumors evade immune
destruction.” In a study of 70 ovarian cancer patient samples,
higher expression of PD-L1 was correlated with poor prognosis
and the presence of CD8+ TILs was inversely related to PD-L1
expression.'” TILs isolated from ovarian cancer tumors showed
increased expression of PD-1 and impaired IFN-gamma and
TNEF-a production, while PD-1 blockade improved proliferation
and cytokine production by TILs, and could be potentiated fur-
ther by the blockade of a second inhibitory receptor, LAG3, in a
study of NY-ESO-1 specific CD8+ T-cells.”” Hirano et al. dem-
onstrated that PD-L1 expression causes TILs to be impaired in
tumor cell destruction, and blocking PD-1 or its ligand could
potentially reverse this resistance in a mouse model.”® Interest-
ingly, ovarian cancer-infiltrating dendritic cells can express high
levels of both PD-1 and PD-L1 and their presence in tumor can
both suppress T-cell activity and decrease TIL accumulation.”
Engagement of PD-1 on these tumor-associated DCs inhibits
their activation with dampened NF-kB activation, cytokine pro-
duction and co-stimulatory molecule expression 7z vitro and
blocking PD-1 in mice lowered tumor burden and increased TIL
responses.”” Similarly, Curiel et al. found PD-L1 expressed by
myeloid derived DCs in ovarian cancer tissue and draining
lymph nodes, and further showed that PD-L1 blockade pro-
moted T cell activation and pro-inflammatory cytokine secretion
in vitro and improved the DCs ability to instruct T cells to
inhibit human cancer outgrowth 77 vivo.'*® In recent large scale
human studies, blockade of either PD-1 or PD-L1 has shown
clinical benefit in patients with malignancies such as melanoma,
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renal cell carcinoma and non-small cell lung cancer.'®' Ovarian
cancer patients were treated in only one of these studies using an
anti-PD-L1 antibody with only 1 out of 17 ovarian cancer
patients having any response to the antibody treatment.'®" More
recently, patients with advanced or relapsed, platinum-resistant
ovarian cancer were administered anti-PD-1 antibody at 1 or
3 mg/kg doses in a Phase II efficacy study.'®® Therapy was well
tolerated and partial responses were reported in 20% (2/10) and
33% (1/3) of patients in the 1 and 3 mg/kg dose cohorts, respec-
tively. Still, these are the results of early clinical studies in small
numbers of patient and the disruption of the PD-1/PD-L1 axis
remains an intriguing target in ovarian cancer.

CTLA-4 is another immune regulatory molecule expressed by
T-cells and is a negative regulator of CD28 dependent T-cell
responses.' > CTLA-4 acts as a checkpoint blockade, preserving
self-tolerance and preventing autoimmunity, but may act as a
barrier against immunotherapies.'® Blockade of CTLA-4 offers
a mechanism to enhance antitumor TIL responses by reducing
activation of weakly reactive cells and removing attenuation of T-
cell proliferation.'®® Clinical trials conducted with anti-CTLA-4
antibodies have been under clinical investigation for 10 years,'*®
most notably with melanoma,'®” where anti-CTLA-4 antibodies

. . .. 106
can 1nduce potentlal cancer remission.

Infusion of anti-
CTLA-4 (Ipilimumab) in 2 ovarian cancer patients showed a sta-
bility or reduction in CA-125 levels, although no tumor biopsy
was conducted to evaluate impact on TILs.'° The same group
treated an additional 9 stage IV ovarian cancer patients and
reported that significant antitumor effects were seen in a few
patients, one having marked regression of tumor and 3 achieving
stable disease after 6 months.'%®

Building on the promise on monotherapeutic blockade of
CTLA-4 and PD-1, antibody therapy against combined targets
may sustain the activation and proliferation of TILs, allowing the
development of an effective tumor-specific immune response.'®”
In a mouse melanoma model, combination PD-1 and CTLA-4
blockade in conjunction with whole cancer cell vaccination
increases effector T-cell infiltration, resulting in highly advanta-
geous effector T-cell to Treg ratios in the tumor, and tumor
rejection.' ' Similar effects were recently shown in a mouse ovar-
ian cancer model where dual blockade of CTLA-4 and PD-1
combined with vaccination demonstrated reversal of CD8 TIL
dysfunction and led to tumor rejection.''’ Mechanistically, dual
blockade of CTLA-4 and PD-1 can increase effector T-cell infil-
tration of melanoma B16, ovarian and colon cancer tumors while
eliminating Tregs and myeloid suppressor cells."'"*''? In a recent
trial involving 53 patients with melanoma, dual blockade of
CTLA-4 and PD-1 demonstrated remarkable responses with evi-
dence of clinical response and activity observed in 65% of
patients, with a manageable safety profile.''”> Rapid and deep
tumor regression was demonstrated in a substantial number of
patients.''? Together, these positive results rationalize further
investigation of immune checkpoint blockade in ovarian cancer
and special emphasis should be made on the development of tri-
als that combine the PD-1 and CTLA-4 blockade strategy with

114,115

whole ovarian cancer cell vaccine approaches already under

clinical investigation.
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Future clinical studies are bound to take advantage of newly
gained insights in the immmunobiology of human cancer to fos-
ter enhanced TIL modulation 77 vive. Our finding that the subset
of tumor-reactive TILs from patients with ovarian cancer express
the co-stimulatory receptor CD137,”" provides the rationale for
engagement with agonistic anti-CD137 antibodies,''® alone or
in combination with antibodies against PD-1, CTLA-4 or a new
array of immunoregulatory molecules. For instance, preclinical
studies in a murine model of ovarian cancer indicate a strong
potential for coupling antibody engagement of CD137 with
simultaneous blockade of the negative immunoregulatory mole-
cule, Tim-3, as an immune intervention with clinical promise.117

Eliminating Immunosuppressor Cells within the
Tumor Microenvironment to Potentiate TIL Activity

With a base understanding of factors that contribute to TIL
dysfunction, approaches that favorably modify the tumor micro-
environment have shed light on new directions in adoptive TIL
therapy. For instance, the cornerstone of T-cell priming and acti-
vation relies upon the interaction of T-cells with professional
antigen presenting cells, such as dendritic cells (DCs), however,
during tumor progression, phenotypic and numerical changes
can occur in tumor-infiltrating DCs, leading to the transition
from an immunostimulatory to an immunosuppressive cell state
that promotes T-cell dysfunction.''® Fortunately, TIL dysfunc-
tion can be overcome.

Given the poor prognostic value of increased Treg frequencies

. . 17,46
1n ovarian cancer, 7

the use of preparatory regimens that elimi-
nate Tregs in the tumor environment seems an ideal approach to
enhance subsequent adoptive TIL function and therapy. Since
Tregs can act as sinks for cytokines that, when otherwise avail-
able, can bolster the net cytotoxic activity of TILs,”* eliminating
Tregs and other competing host cellular sink elements may
improve TIL activity. Administration of low dose, cyclophospha-
mide leads to preferential apoptosis and decreased function of
Tregs119 and enhances TIL proliferation, tumor infiltration and
induction of positive cytokine expression in a melanoma mouse
model.'*” Polcher et al. studied the effects of platinum/taxane-
based neo-adjuvant chemotherapy on TILs and patient outcome
in ovarian cancer and showed that post chemotherapy, low
FOXP3+ Treg density in tumor was associated with longer pro-
gression free survival.”® In addition, high Granzyme-B+/
FOXP3+ratio post-chemotherapy strongly correlated with
improved progression free survival compared to low Granzyme
B+/Foxp3+ cell ratio,”* rationalizing the further development
of therapeutic approaches that foster high effector to Treg ratios.
In animal and human studies, anti-CD25 antibodies have been
to deplete with
reported.'*"'** However, as reported by Kreijveld et al. in a

used Tregs selective partial depletion
study of kidney transplantation,'*® Tregs may be as prominent
and functional, if not more, after administration of anti-CD25
antibody therapy. In our human clinical trials using targeted
immunotoxins against CD25, transient partial reductions of

CD25+ Tregs were observed in the blood and tumor of patients
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with melanoma without significant tumor regression, leading to
the postulation that more comprehensive eradication would be
necessary to eliminate Treg and achieve clinical benefit.'**'?> In
an alternative approach to adjust Treg cell levels 7z vivo, patient
leukapheresis samples were selectively depleted of Tregs from
using a large-scale immunomagnetic system to tag and removed
Tregs based upon their high CD25 expression.'* In this study,
transfer of autologous CD25+ Treg-depleted cells and IL-2 to
lymphodepleted patients with melanoma was unable to mediate
prolonged reductions in Treg frequency and number iz vivo,'”’
perhaps a result of co-administration of exogenous IL-2 cytokine,
a known Treg growth factor. One alternative to Treg depletion
being explored is to convert Tregs into activated effector cells.
Leveque et al. showed that doses of IL-2 converted CD4+ regu-
latory cells into IL-17 secreting helper T-cells that potentially lost
their regulatory activity in ovarian cancer tumor specimens.'*®
Lymphodepletion prior to TIL based adoptive immunother-
apy has greatly improved the success rate in metastatic melanoma
treatment™®®® and extends in-vivo survival of transferred
TILs.'*” Some authors suggest that profound lymphoablation
with stem-cell rescue may further enhance immunotherapies in
cancer, and have shown significant results in animal models,
although they caution about adopting this method into clinical
practice.'”” Interestingly, in the previously mentioned first adop-
tive TIL therapy trial in ovarian cancer, a dose of cyclophospha-
mide was given in anticipation of TIL injections, which may
have actually, as suspected by the investigators at the time,
reduced the immunosuppressive tumor immune environment®®
and may explain why the Aoki trial was one of the most success-
ful human ovarian cancer TIL trials. Thus, there are multiple
strategies present to effectively reduce the presence of Tregs
which should help enhance adoptive TIL therapy in ovarian

cancer.

Additional Directions in Immunotherapy

There are a number of immunotherapies besides TIL therapy
including vaccines, cytokine injections, targeted antibody based
therapy, and engineered T-cells (Table 1). TIL therapy and tar-
geted antibody based therapy have been covered in previous sec-
tions. Vaccine therapy in ovarian cancer is an intriguing potential
treatment and has been thoroughly reviewed elsewhere.'”" Thera-
peutic vaccines for ovarian cancer have shown modest responses
in the majority of clinical trials, including the largest phase 3
studies which have been negative.'”" Enhancing peripheral T-
cells by stimulation with tumor antigen has yielded some clinical
evidence of response in ovarian cancer.'** To date, major limita-
tions to these vaccine platforms include weak immunogenicity,
as the concern is that the immunosuppressive environment in
tumors is largely derailing any immunologic response vaccines
might have. Furthermore, it has been recently shown that antitu-
mor vaccination may activate and expand high affinity self-reac-
tive Tregs that may limit immunotherapy.'”” Still, authors
advocate improving the tumor immune microenvironment in

. . . . 131
order to use vaccines effectively in ovarian cancer.

Volume 16 Issue 6



Table 1. Comparison of most recent trials in immunotherapeutic strategies in ovarian cancer

Furthest Stage Immune Outcomes from
ofTrial Response Selected Clinical Trials
TIL Therapy alone Phase 1 TILs were cytotoxic Some improvement
in vitro in clinical outcome, clinical,
most recent trial showed no
detectable clinical benefit ©°7°
Checkpoint Inhibition Phase 1 Tumor Destruction and 1 out of 17 had a partial clinical
Severe Inflammatory response in PD-1 trial,'! 3/13
pathology'®® patients with platinum-resistant
ovarian cancer had partial
response with anti-PD-1
antibody,'® no long-term
investigation in CTLA-4 trial'®®
Anti-tumor Antigen Vaccines Phase 3 Enhancement of peripheral Largest 2 Phase 3 trials have
CD8+ T-lymphocytes shown minimal clinical benefit'®’
IL-2 Cytokine Injections Phase 2 Increase in T-cell activity and 25% of patients had
Lysis of tumor cells either partial or complete
clinical response’*®
Engineered T-cells (only folate Phase 1 Minimal localization of T-cells to No reduction in tumor burden, no

receptor-« targeted cells
have reached clinical trial)

tumor and near complete loss
of CAR T-cells 1 month out

improvement in clinical outcome'*?

Cytokine injections, particularly IL-2, have been evaluated as
a potential future therapy in ovarian cancer. A number of small
phase I trials in the 1980s showed that IL-2 injections in ovarian
cancer had minimal, but real responses on CA-125 levels,'** the
136 and
lysis of specific tumor targets.'”” In a more recent phase II clinical
trial, a group of investigators performed intraperitoneal injections

lymphokine cascade,'® stability of cancer progression,

of IL-2 into chemotherapy resistant ovarian cancer patients and
saw a 25% improvement in response, likely due to increases in
T-cell activity.'*® We have shown that IL-7 and TL-15 can maxi-
mize tumor-reactive TIL expansion ex-vivo. Together, this sup-
ports the use of cytokine administration in support of adoptive
TIL therapy.”' However, an ovarian cancer trial that used cyto-
kine injections in addition to TILs, showed minimal success.®’
We believe that cytokine injections with TILs are an under-
studied and underutilized method of treatment and, based on
recent studies, are a reasonable method of immunotherapy in
ovarian cancer.

In the absence of TILs, advances in gene transfer technology
and T cell cultivation protocols now provide the opportunity for
off-the-shelf targeted T cell therapies for patients with ovarian
cancer. T-cells can be genetically modified to recognize tumor
antigens by the introduction of genes encoding an exogenous T
cell receptor (TCR) or an artificial TCR called a chimeric antigen
receptor (CAR). For instance, we recently isolated and character-
ized an HLA-A2 restricted TCR that can be genetically engi-
neered into human T cells to confer them with the ability to
recognize a HER2 epitope that is naturally presented by ovarian
cancer cells.'?” Similarly, an NY-ESO-1 specific TCR has been
identified that has demonstrated safe and effective activity in NY-
ESO-1+ synovial sarcoma and melanoma.'*® TCRs specific for
these and other antigens are in the early stages of clinical testing.
In contrast to a TCR, a CAR usually consists of an extracellular
antibody targeted to a tumor associated antigen fused to the
intracellular signaling domain of the T-cell receptor, allowing it
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to recognize tumors independent of antigen processing or MHC
presentation. Multiple preclinical, but limited clinical, studies in
ovarian cancer have been performed using CAR T-cell technol-
ogy. Parker et al. transduced lymphocytes from patient’s periph-
eral blood with a folate receptor-a specific CAR which enabled
the redirection of these cells against ovarian cancer.'*! In a Phase
I study, the first reported CAR T-cell trial in oncology, Kershaw
and colleagues administered such CAR T-cells to 14 patients
with ovarian cancer, but did not observe reduction in tumor bur-
den which likely resulted from poor CAR T-cell transduction
and persistence after infusion.'*? We recently redesigned CAR
constructs to incorporate a CD137 co-stimulatory domain
within the intracellular portion of the CAR, which has enabled
folate receptor-a CAR T cells to persist after infusion and eradi-
cate human cancer in a xenograft model.'*® Based upon these
results, we are planning a future phase 1 trial using folate recep-
tor-ac CAR T-cells that have a CD137 co-stimulatory domain
with a pre-conditioning lymphodepletion regimen,144 hoping to
achieve improved results over the past CAR trial."** A similar
approach has been used to augment the activity of a mesothelin
specific CAR,"® which is the subject of an active clinical study in
ovarian cancer. More recently, we have attempted to further opti-
mize CAR activity by adding in new co-stimulatory domains and
have found success using CD27,"“® which enhanced antigen-acti-
vated CAR T cell cytokine secretion and persistence. In addition
to these CARs, others have been designed to target different ovar-
ian cancer antigens including NKG2D Ligand, Lewis-Y, MUCI1
and MUC16,"'" and trials are destined for future investigation.
We have found that HER2 is ubiquitously expressed in human
ovarian cancer, and at levels that CAR T cells can recognize and
respond against, marking an opportunity for CAR targeting of
HER2 in ovarian cancer.'*® CARs are limited in their ability to
target only one antigen, making them more restricted than whole
patient-derived TILs, however more recent data suggests that ini-
tial CAR T-cell activity may mobilize and activate endogenous
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CD4+ and CD8+ TILs to broaden the anti-tumor response in a
mouse ovarian cancer model.'* The cooperation of TILs with
CAR T-cells, and the success of CAR T-cells in such preclinical

models, shows promise for emerging immunotherapy trials.

Final Conclusions

Evidence of TIL accumulation in ovarian cancer is a positive
prognostic indicator for survival. We propose that mobilization
of endogenous TIL activity is likely to have curative potential in
a subset of patients in ovarian cancer. We envision the use of a
number of adjunctive treatments to reinforce endogenous TIL
activity, or that can be combined with adoptive TIL therapy in a
human ovarian cancer trial to maximize potency and benefit. We
and others in the field advocate the rational design of preclinical
studies and trials that combine multiple immune potentiating
strategies with the potential to synergize individual benefits of
each methodology. When human trials are conducted, safety will
be of utmost concern as toxicity may ensue after broad activation
of the immune system.

Finally, we further recommend evaluation of the markers,
molecules and cytokines discussed in this review be expanded to
future immunotherapy trials in ovarian cancer to determine their
prognostic value. Although translational research remains to be

completed, future elucidation of a number of prognostic markers
and proteins may aid patients and physicians alike in the creation
of a personalized route to ovarian cancer therapy. Perhaps in the
near future, identification of these markers will guide physicians
in terms of deciding the aggressiveness of anti-tumor therapy,
identify specific patients for which certain immunotherapy may
provide greater benefit, and ultimately give the patient a more
accurate sense of the potential progressive nature of their disease
than can be determine currently.

Ovarian cancer is an immunogenic tumor and the potential
benefits of immunotherapy in its treatment are the source of
active investigation. By comparison with melanoma, trials of
immune therapy in ovarian cancer have not been as numerous to
date, nor as successful. However, there is no doubt that the ratio-
nale to continue work in this area remains strong, and that the
need to develop effective therapy for ovarian cancer is dire. We
anticipate that like melanoma, immunotherapy will show clinical
activity in subset of patients with ovarian cancer, but require a
combination of immunotherapeutic treatments in order to
achieve maximal benefit.
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